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ULTRASONIC DIAGNOSTIC APPARATUS
THAT PERFORMS GAIN CONTROL BASED
ON OFFSET PATTERNS OF PIXEL
BRIGHTNESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasonic diagnostic
apparatus, and more particularly to an ultrasonic diagnostic
apparatus capable of displaying tomographic images.

2. Description of the Related Art

An ultrasonic diagnostic apparatus enables the user to
observe the mnside of a subject by 1rradiating the subject with
an ultrasonic wave, and analyzing information contained 1n
the echo signal thereof. A commonly-used conventional
ultrasonic diagnostic apparatus 1images the anatomy of a sub-
ject, in the form of a tomographic image, by converting the
intensity of an echo signal to the brightness o the correspond-
ing pixel. This enables the user to know the internal anatomy
of the subject.

Generally, an ultrasonic wave attenuates while propagating,
through a subject. This generally decreases the intensity of
the reflection wave obtained from inside the subject. Where a
two-dimensional tomographic image 1s obtained by scanning,
a subject with an ultrasonic wave, the intensity of the retlec-
tion wave obtained through the scan may vary depending on,
for example, the degree of contact between the subject and the
probe. Such vanation in the reflection intensity lowers the
detection sensitivity in detecting a receive signal based on the
reflection wave.

In order to correct such variations in the detection sensi-
tivity, Japanese Laid-Open Patent Publication Nos. 2000-
1976377 and 2005-152422 disclose techniques for adjusting
correction values in DGC (Depth Gain Control) for correcting
the sensitivity 1n the depth direction, and LGC (Lateral Gain
Control) for correcting the sensitivity in the scan (lateral)
direction.

Specifically, Japanese Laid-Open Patent Publication No.
2000-197637 discloses a technique including: dividing an
image Iframe into a regular grid of kernels; comparing the
mean pixel intensity with the mean noise level predicted
using a noise model for each kernel; selecting kernels in
which the mean pixel intensity 1s greater than the mean noise
level by a predetermined quantity and calculating the mean
value of the mean pixel intensities of these kernels to thereby
calculate the row/column mean of pixel intensity; and using
the difference between the mean value and the reference value
as the correction value. The publication also discloses per-
forming a gain adjustment which will suppress the noise for
cach row/column 1n which the number of un-selected kernels
1s less than a critical threshold.

Japanese Laid-Open Patent Publication No. 2005-152422
discloses a technique of obtaining the mean signal intensity
tor each depth of the image, and obtaining a correction value
as the difference between the reference value and the normal-
1zed mean value, which 1s obtained by normalizing the mean
signal intensities. The publication also discloses weighting
the correction value by setting the weight to 1 when the
variance value of the signal intensity for each depth 1s greater
than the reference value and setting the weight to less than 1
when the vanance value 1s smaller than the reference value.

In the methods disclosed 1n Japanese Laid-Open Patent
Publication Nos. 2000-197637 and 2005-152422, the pixel
intensity and the variance value are used as index values for
noise determination. With these methods, however, the pixel
intensity lowers due to the attenuation of the transmitted wave
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deep 1nside the body, and 1t 1s difficult to accurately 1dentify,
for example, a non-noise 1mage with a low variance value

such as an 1image of the 1nside of a liver.

The methods disclosed in Japanese Laid-Open Patent Pub-
lication Nos. 2000-197637 and 2005-152422 are effective 1n
equalizing the gain level and suppressing noise, but are not
suitable for emphasizing an anatomical tissue component 1n
the 1image, e.g., by increasing the gain level for the parts of
interest, such as vessel walls 1n carotid diagnosis, relative to
the gain level of other regions, thereby making the image
casier to view.

Moreover, since the methods disclosed in Japanese Laid-
Open Patent Publication Nos. 2000-197637 and 2005-
152422 use DGC and LGC for correcting the gain of the
image, the unit of correction is either by degrees of depth or
by scanning lines. Therefore, 1n a case where the image
includes an anatomical tissue component that extends two-
dimensionally, such as the inside of the ventricle of the heart
or 1n the vessels of the abdominal region, the gain correction
varies 1n the scan direction or 1n the depth direction so that an
area that should appear with even brightness may appear with
uneven brightness.

SUMMARY OF THE INVENTION

An objective of the present invention is to solve such prob-
lems 1n the prior art, and to provide an ultrasonic diagnostic
apparatus, with which 1t 1s possible to obtain a tomographic
image with an appropriate gain level without the operator
performing a complicated operation.

An ultrasonic diagnostic apparatus of the present invention
includes: a transmitter section for driving a probe so that a
subject 1s scanned with an ultrasonic beam over a predeter-
mined period of time; a recerver section for receiving, using,
the probe, an echo resulting from the ultrasonic beam being
reflected by the subject, and producing a recerve signal for
cach passage of the predetermined period of time; an 1image
constructing section for producing a tomographic image
frame composed of brightness information based on an inten-
sity of the receive signal for each passage of the predeter-
mined period of time, and adjusting brightness of the pro-
duced tomographic 1mage frame with a set gain; a gain
control section for producing the set gain; and a display
section for displaying the tomographic image frame whose
brightness has been adjusted, wherein the gain control section
includes: an ofiset pattern producing section for producing at
least one offset pattern based on brightness mformation for
different pixels of the tomographic 1image frame, the offset
pattern including brightness oflset values for the different
pixels; and a gain determination section for determining the
set gain based on at least one gain, selected from among a total
gain, a depth-direction gain, a scan-direction gain and a frame
gain, based on the ofiset pattern, wherein the total gain 1s
composed of a single offset value used for the entire tomo-
graphic image frame, the depth-direction gain includes offset
values used 1n a depth direction of the tomographic image
frame, the scan-direction gain includes ofiset values used in a
scan direction of the tomographic image frame, and the frame
gain includes offset values used for different pixels of the
tomographic 1image {frame.

In a preferred embodiment, the gain control section pro-
duces the set gain based on an 1nstruction from an operator.
Thus, the operator can obtain, when desired, a tomographic
image with an optimal gain level without performing a com-
plicated operation.

In a preferred embodiment, the ultrasonic diagnostic appa-
ratus further includes a counter for counting the number of the
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tomographic image frames produced, wherein the gain con-
trol section produces the set gain based on the number of the
tomographic image frames produced. Thus, the operator can
obtain a tomographic image with an optimal gain level with-
out performing any gain-adjustment operation.

In a preferred embodiment, the offset pattern producing
section 1ncludes: an equalization offset pattern producing
section for producing an equalization oflset pattern for equal-
1zing a brightness level of the tomographic image frame; and
an emphasis/suppression oflset pattern producing section for
producing an emphasis/suppression oifset pattern for empha-
s1ZIng a tissue while suppressing a noise component in the
tomographic 1mage {rame, wherein the offset pattern 1s at
least one of the equalization offset pattern and the emphasis/
suppression offset pattern. Thus, 1t 1s possible to suppress
noise while equalizing the gain level across the image,
thereby making 1t easier to see anatomical tissues.

In a preferred embodiment, the equalization offset pattern
producing section: divides the tomographic image frame 1nto
a plurality of sub-areas; calculates a mean brightness of each
sub-area; calculates a brightness diflerence between the mean
brightness of the sub-area and a reference brightness; deter-
mines an adjustment value by which the brightness difference
1s multiplied; determines a product obtained by multiplying
the brightness difference by the adjustment value to be an
olfset value for the sub-area; and calculates the equalization
offset pattern including ofiset values for all pixels of the
tomographic 1mage frame based on the offset values for the
sub-areas. Thus, 1t 1s possible to equalize the gain level while
maintaining the contrast of the entire 1image.

In a preferred embodiment, the reference brightness 1s a
mean brightness for the entire tomographic 1mage frame.
Thus, 1t 1s possible to obtain an 1image such that the gain level
of the entire tomographic 1mage frame after the brightness
adjustment 1s not substantially different from that before the
brightness adjustment.

In a preferred embodiment, the adjustment value 1s deter-
mined based on a brightness value histogram for the sub-area
and a brightness value histogram for the entire 1mage frame.
Thus, the sub-areas can be classified into low-brightness
arcas, medium-brightness areas and high-brightness areas,
and 1t 1s possible to equalize the gain level predominantly 1n
medium-brightness areas.

In a preferred embodiment, the emphasis/suppression ofl-
set pattern producing section: divides the tomographic image
frame 1nto sub-areas; calculates a feature quantity of each
sub-area; normalizes the feature quantity; converts the nor-
malized feature quantity to an offset value; and calculates the
emphasis/suppression oilset pattern including offset values
tor all pixels of the tomographic 1image frame based on the
olffset values for the sub-areas. Thus, 1t 1s possible to suppress
the noise level of the image, and to increase the gain level for
anatomical tissues.

In a preferred embodiment, the feature quantity i1s a func-
tion of a mean brightness value and a standard deviation of
brightness of the sub-area. Thus, 1t 1s possible to accurately
identily noise components and anatomical tissue components
in the 1image.

In a preferred embodiment, the single offset value of the
total gain 1s a mean value among all pixels of the offset
pattern. Thus, 1t 1s possible to determine an optimal total gain.

In a preferred embodiment, the gain determination section
calculates a mean value among offset values for pixels of the
same depth in the offset pattern, and calculates the depth-
direction gain by smoothing the mean value 1n the depth
direction. Thus, 1t 1s possible to determine an optimal depth-
direction gain.
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In a preferred embodiment, the gain determination section
calculates a mean value among offset values for pixels along
the same scan line 1n the offset pattern, and calculates the
scan-direction gain by smoothing the mean value 1n the scan
direction. Thus, 1t 1s possible to determine an optimal scan-
direction gain.

In a preferred embodiment, the gain control section deter-
mines a frequency with which the set gain 1s produced based
on a frame rate at which the tomographic image frame 1s
produced. Thus, it 1s possible to always maintain an optimal
frequency with which an ofiset pattern i1s calculated even 1f
the frame rate 1s changed.

In a preferred embodiment, the gain control section pro-
duces a plurality of offset patterns, and sets a frequency of
production ol each offset pattern based on the number of
tomographic image frames produced. Thus, it 1s possible to
more finely adjust the trade-off between the capacity of the
gain determination section and the optimal precision.

With the ultrasonic diagnostic apparatus of the present
invention, the gain control section two-dimensionally per-
forms a data operation on the data of the tomographic 1mage
obtained by transmitting and then receirving an ultrasonic
wave, thereby automatically producing a set gain with which
the brightness can be adjusted so as to obtain an image that 1s
casier to view. Therefore, it 1s possible to obtain a tomo-
graphic image with such brightness that the image 1s easy to
view without the operator performing a complicated opera-
tion.

Other features, elements, processes, steps, characteristics
and advantages of the present mvention will become more
apparent from the following detailed description of preferred
embodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a block diagram showing an ultrasonic diagnos-
tic apparatus according to a first embodiment of the present
invention, and FIG. 1B 1s a block diagram of a gain control
section.

FIG. 2 1s a flow chart showing an operation of the gain
control section.

FIG. 3 1s a flow chart showing an operation of an offset
pattern producing section.

FIG. 4 shows sub-areas to be defined 1 a tomographic
image frame.

FIG. 5 shows a method for determining the adjustment
coellicient based on the mean brightness of the sub-area.

FIG. 6 shows a method for obtaining interpolated values at
positions of different pixels based on values of sub-areas.

FIG. 7 shows a method for determiming an offset value
based on a normalized feature quantity.

FIG. 8 1s a flow chart showing a process of calculating a
gain from an oflset pattern.

FIG. 9 1s a block diagram showing an ultrasonic diagnostic
apparatus according to a second embodiment of the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

First Embodiment

FIG. 1A 1s a block diagram showing an ultrasonic diagnos-
tic apparatus according to an embodiment of the present
invention. As shown in FIG. 1A, the ultrasonic diagnostic
apparatus of the present embodiment includes a transmitter
section 112, areceiver section 102, a beamformer 103, a wave
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detector section 104, an 1image constructing section 105, a
frame memory 106, a gain control section 107 and a display
section 108. The ultrasonic diagnostic apparatus also includes
a control section 115 for controlling the various sections. An
input section 111 to be a user interface, such as a keyboard, a
trackball, a switch or a button, 1s connected to the control
section 115, and the control section 115 controls the various
sections of the ultrasonic diagnostic apparatus 1n response to
the operator inputting an instruction to the control section 115
via the mput section 111. The control section 115 may be a
microcomputer, or the like. The beamformer 103, the wave
detector section 104, the 1mage constructing section 105, the
frame memory 106 and the gain control section 107 have
functions to be described i detail below, which may be
implemented by software. In that case, the microcomputer of
the control section 115 may execute the software, or the
ultrasonic diagnostic apparatus may include another micro-
computer, or the like, for executing the software.

A probe 101 1s connected to the ultrasonic diagnostic appa-
ratus. The probe 101 may be a general-purpose probe, and the
ultrasonic diagnostic apparatus of the present embodiment
may include the probe 101. It 1s preferred that the probe 101
has a steering function or i1s a two-dimensional or three-
dimensional array probe so that a two-dimensional tomo-
graphic 1mage can be obtained.

Based on the control by the control section 115, the trans-
mitter section 112 produces a driving signal, and outputs the
driving signal to the probe 101. The probe 101 includes a
plurality of piezoelectric vibrators, and the piezoelectric
vibrators vibrate in response to the application of the driving
signal to thereby produce an ultrasonic beam. The produced
ultrasonic beam 1s transmitted toward the subject. The probe
101 1s driven so that the subject 1s scanned with the ultrasonic
beam for each passage of a predetermined period of time.

The ultrasonic beam reflected by the subject returns to the
probe 101 in the form of an echo. The piezoelectric vibrators
of the probe 101 successively convert received echoes to
clectric signals.

The recerver section 102 includes an amplifier and an A/D
converter, and successively amplifies the electric signal from
the probe 101 to thereby produce a receive signal. The pro-
duced recerve signal 1s converted by the A/D converter to a
digital signal. Thus, a receive signal 1s obtained for each
passage ol the predetermined period of time over which the
subject 1s scanned with the ultrasonic wave.

The beamformer 103 performs a delayed synthesis for
combining together recerve signals from the piezoelectric
vibrators. Thus, 1t 1s possible to obtain a recerve signal by an
echo corresponding to each acoustic line of the ultrasonic
beam transmitted so as to scan the subject. The wave detector
section 104 performs an envelope detection of the receive
signal, and produces intensity information of the receive sig-
nal.

The 1mage constructing section 105 recerves and filters the
intensity information of the receive signal, and then produces
the brightness information of each of the pixels forming a
tomographic image frame based on the intensity information
ol the recerve signal. The produced brightness information of
the tomographic 1image frame 1s output to the frame memory
106, and stored in the frame memory 106. These operations
are performed 1n real time. That 1s, these operations are per-
formed for each passage of the predetermined period of time
over which the subject 1s scanned with the ultrasonic wave.

As will be described below 1n detail, the image construct-
ing section 103 recerves the set gain determined by the gain
control section 107, and adjusts the brightness of the tomo-
graphic 1mage {frame based on the set gain. Moreover, the
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6

image constructing section 105 scan-converts data of the
tomographic 1mage frame based on the adjusted brightness,
and outputs the converted data to the display section 108. The
display section 108 displays the data of the tomographic
image frame.

In response to the operator operating the mput section 111
or 1n accordance with the control by the control section 115
based on an instruction to the mput section 111, the gain
control section 107 determines the set gain with which the
brightness of the tomographic image 1s adjusted so as to make
the tomographic 1mage frame easier to view, based on the
brightness information of pixels of the tomographic 1image
frame stored 1n the frame memory 106. FIG. 1B 1s a block
diagram showing the function of the gain control section 107.
As shown in FIG. 1B, the gain control section 107 includes an
olfset pattern producing section 1074 and a gain determina-
tion section 107¢, the offset pattern producing section 1074
including an equalization oifset pattern producing section
107a, and an emphasis/suppression offset pattern producing
section 1075.

FIG. 2 1s a flow chart showing an operation of the gain
control section 107. In step 201, the offset pattern producing
section 107d reads out the brightness information of pixels of
the tomographic 1image frame stored 1n the frame memory
106. Then, in step 202, at least one offset pattern 1s produced,
made up of brightness ofiset values for different pixels based
on the brightness mformation of the different pixels of the
tomographic 1mage frame. The offset pattern 1s two-dimen-
sional data, which 1s to be applied to the entire tomographic
image frame. More preferably, the equalization offset pattern
producing section 107a and the emphasis/suppression oifset
pattern producing section 1075 produce an equalization ofi-
set pattern and an emphasis/suppression olifset pattern,
respectively. The equalization ofiset pattern has an effect of
generally equalizing the brightness level across the tomo-
graphic 1image frame. The emphasis/suppression offset pat-
tern has an etlect of emphasizing the anatomical component
of the tomographic image frame while suppressing the noise
component thereof.

In step 203, the gain determination section 107¢ deter-
mines, from the oflset patterns, at least one of the total gain,
the depth-direction gain, the scan-direction gain and the
frame gain, and outputs to the image constructing section 105
the set gain, which 1s produced based on the at least one gain
determined. In step 204, the image constructing section 105
receives the set gain, and applies the received set gain to the
tomographic 1image frame. Thus, the brightness of the tomo-
graphic 1image frame 1s adjusted. The total gain 1s composed
of a single offset value used for the entire tomographic image
frame. The depth-direction gain and the scan-direction gain
are composed of offset values used in the depth direction and
in the scan direction, respectively, of the tomographic image
frame. The frame gain 1s composed of offset values used for
different pixels of the tomographic image frame.

Based on the set gain determined as described above, the
image constructing section 105 adjusts the brightness of the
tomographic 1image {frame, which 1s produced for each pas-
sage of a predetermined period of time, using the same gain
until the set gain 1s updated. The set gain 1s updated when the
operator gives an 1nstruction to the input section 111.

Next, the operation of the gain control section 107 and the
set gain produced by the gain control section 107 will be
described in detail through the steps shown 1n FIG. 2.

1. Obtaining Tomographic Image Frame (Step 201)

As described above, based on an operator’s instruction
from the 1input section 111, the gain control section 107 reads
out the brightness information of pixels of the tomographic
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image frame stored 1n the frame memory 106. The gain con-
trol section 107 may apply, to the brightness information of
the read-out tomographic image frame, a spatial filter, etc., for
reducing noise contained in the brightness information of the
tomographic 1mage frame or emphasizing lines and edges in
the 1mage, 1n a manner that suits subsequent processes.

2. Producing Oflset Patterns (Step 202)

FIG. 3 1s a flow chart showing the process of producing an
offset pattern 1n step 202. The equalization offset pattern
producing section 107a of the gain control section 107 pro-
duces an equalization offset pattern based on the brightness
information of pixels of the tomographic i1mage frame
through the process of a group of steps 301, and the emphasis/
suppression oifset pattern producing section 1075 produces
an emphasis/suppression oilset pattern based on the bright-
ness information of pixels of the tomographic image frame
through the process of a group of steps 302. These two steps
may be performed simultaneously or successively, depending,
on the processing capacity of the gain control section. With
successive processing, either offset pattern may be produced
first.

First, the process of producing an equalization ofiset pat-
tern (the group of steps 301) will be described.

As shown i FIG. 4, a tomographic image frame 10 1s
obtained by scanning an object with an ultrasonic beam hav-
ing acoustic lines 13, and a plurality of measurement points
(denoted by dots) are arranged at regular intervals along each
acoustic line 13. Where the number of acoustic lines of the
tomographic image frame 10 1s 1, and the number of measure-
ment points along each acoustic line 13 1s 3, the tomographic
image frame 10 1s composed ol 1x] pixels. First, in step 321 of
FIG. 3, a tomographic image frame obtained 1s divided nto
sub-areas 11, each including MxN pixels. M and N may each
be set to an arbitrary value (M=1, N=7) 1n advance. Sub-areas
may partially overlap with each other, as shown by sub-areas
11 and 12 in FIG. 4, for example.

Then, 1n step 322, the mean brightness for all pixels in each
of the sub-areas 11 1s calculated.

Then, 1n step 323, the adjustment coellicient of each sub-
area 1s calculated. The method for determining the adjustment
coellicient 1s shown 1n FIG. 5. First, the mean brightness u
and the standard deviation o of brightness for all pixels of the
tomographic image frame are obtained. Where a histogram of
brightness for all pixels 1s as shown 1n the upper graph of FIG.
5, an adjustment coelficient g(x) 1s determined 1n accordance
with the brightness as shown 1n the lower graph of FIG. 5.
Specifically, the adjustment coefficient 1s set to 1 11 the bright-
ness 1s U—r, Xt or more and u+r_,xo or less, and the adjust-
ment coelfficient 1s setto v, orv, 1f the brightness 1s u—r, xo or
less or u+r, xo or more, respectively. The adjustment coelll-
cient 1s set to a value from v, to 1 1n proportion to the bright-
ness 1f the brightness 1s u—r,xo or more and p—r,_ , xo or less.
Similarly, the adjustment coellicient 1s set to a value from 1 to
v, 1n proportion to the brightness if the brightness 1s p+r,_ ,xo
or more and u+r, xo or less. The coetlicients r,,r, ., »,1;, V;
and v, may each be set to an arbitrary value 1n advance, and
may be varied depending on the part of the subject to be
imaged and/or the type of the probe used.

Then, 1n step 324, the optimal offset value 1s calculated for
cach sub-area as shown in Expression 1 below.

Oftset[m,n]=(1U—1L,, )% L (L 2) Expression 1

Offset[m,n]: Offset value of sub-area (m,n)
uw: Mean brightness of image frame

1L, .- Mean brightness of sub-area (m,n)
g(x): Adjustment coellicient
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As can be seen from Expression 1 and FIG. 5, 11 the mean
brightness u, , of a sub-area 1s equal to the mean brightness
for all pixels of the tomographic image frame, the offset [m,n]
i1s zero. It the mean brightness p, ,, of a sub-area 1s signifi-
cantly apart from the mean brightness p for all pixels of the
tomographic 1mage frame, 1.e., if the brightness 1s signifi-
cantly higher (brighter) or significantly lower (darker), the
adjustment coetlicient g(x) 1s set to a small value of v, or v, .
Thus, the offset value shown 1 Expression 1 1s small 1n
sub-areas where the mean brightness p , 1s low or high. The
application of such offset values to a tomographic 1mage
frame emphasizes gray level differences in portions of the
average brightness, while reducing gray level differences 1n
significantly dark portions and 1n significantly bright por-
tions.

Then, 1n step 325, each oflset value 1s plotted at the central
point of the corresponding sub-area, and values of points
between the central points of adjacent sub-areas are mterpo-
lated by linear interpolation, thereby obtaining oifset values
of all pixels of the image tframe. As shown 1n FIG. 6, offset
values at positions of pixels located along the straight line
extending between the centers of the sub-areas 11(m,2) and
11(7»2+1,n) are obtained by linear interpolation, based on the
offset [m,n] and the offset [m+1,n]. Similarly, offset values at
positions of pixels located along the straight line extending
between the centers of the sub-areas 11(m,2+1) and 11(m+1,
n+1) are obtained by linear interpolation, based on the offset
[m.,n+1] and the offset [m+1,n+1]. Then, using the mterpo-
lated values, it 1s possible to obtain ofiset values at positions
of pixels surrounded by the centers of the sub-areas 11(m,n),
11(zn+1.n), 11(m+1,n) and 11(m+1,0n+1). Thus, 1t 1s possible
to obtain offset values of all pixels of the tomographic image
frame. This set of offset values 1s referred to as an “equaliza-
tion oflset pattern”. The offset value at the position (x,y) in the
equalization offset pattern 1s represented as EqPat[x,y] (x=1
to 1, y=1 to 7).

Next, the process of producing an emphasis/suppression
ollset pattern (the group of steps 302) will be described. First,
in step 341, the sub-areas 11 are defined, as in the process of
producing an equalization offset pattern. Then, 1n step 342,
the mean brightness Mean and the standard deviation StdDev
of brightness are obtained for each sub-area 11, and the fea-
ture quantity Fv of the sub-area 11 1s calculated as shown in
Expression 2 below.

Fv=MeanxStdDev"

.

Expression 2

Mean: Mean brightness
StdDev: Standard deviation of brightness
v: Exponent coellicient

The exponent coelficient v may be set to an arbitrary value
in advance. For example, the exponent coeltlicient v 1s a value
in therange from 0.1 to 2.0. If the sub-area 11 includes a tissue
boundary, the brightness therein will be high because a tissue
boundary gives an increased reflection of ultrasonic wave,
and the variance, 1.¢., the standard deviation, of the brightness
will also be large. Accordingly, the feature quantity Fv will
also be large. If the sub-area 11 includes a blood flow, the
brightness therein will be low because a blood flow gives a
weak reflection of ultrasonic wave, and the standard deviation
of brightness will also be small. Accordingly, the feature
quantity Fv will also be small. This trend 1s similarly seen also
in cases where the sub-area 11 contains a large noise compo-
nent. Thus, by evaluating the feature quantity of a sub-area 11
by using, as the feature quantity Fv, a function of the mean
brightness and the standard deviation of brightness, 1t 1s pos-
sible to estimate whether there 1s noise or a tissue boundary 1n
the sub-area 11. The exponent coelficient v 1s preferably set to
a higher value 11 the tomographic image includes a tissue
boundary that 1s desirably emphasized.
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Then, 1n step 343, the feature quantity Fv 1s normalized as
shown 1n Expression 3 below.

Fvpn —Mean
StdDev

Expression 3
Norm(Fvy,, ,) =

Fv,, . Feature quantity of sub-area (m,n)
Mean: Mean for feature quantity collection
StdDev: Standard deviation for feature quantity collection

The normalized feature quantity Norm (Fv) 1s converted to
an offset value by, for example, using a conversion curve
shown i FIG. 7. The conversion curve may be set to an
arbitrary shape 1n advance, and may be varied depending on
the part of the subject to be 1imaged and/or the type of the
probe used. In the conversion curve shown in FIG. 7, the
offset value 1s smaller and varies more 1n the region where the
normalized feature quantity Norm (Fv) 1s smaller. The nor-
malized feature quantity Norm (Fv) of a sub-area 11 being
small means that the sub-area 11 has a weak reflection of
ultrasonic wave or contains a large noise component. There-
fore, 1t 1s possible to remove the influence of noise by setting
a small offset value to be applied to such a sub-area 11, and
thus minimizing the brightness of the sub-area 11 in the
tomographic image. In contrast, the normalized feature quan-
tity Norm (Fv) of a sub-area 11 being large means that the
sub-area 11 has a strong reflection of ultrasonic wave, and it
1s not necessary to use a large oifset value to emphasize the
brightness 1n such a sub-area 11.

Then, 1n step 343, each oflset value 1s plotted at the central
point of the corresponding sub-area, and values of points
between the central points of adjacent sub-areas are mterpo-
lated by linear interpolation, thereby obtaining oifset values
of all pixels of the image frame. These values can be obtained
by such a method as described above with reference to FI1G. 6.
Thus, 1t 1s possible to obtain offset values of all pixels of the
tomographic image frame. This set of offset values 1s referred

il

to as an “emphasis/suppression offset pattern”. The oifset
value at the position (X,y) in the emphasis/suppression oifset
pattern 1s represented as EmPat[x,y] (x=1 to 1, y=1 to 7).
Then, 1n step 361, the equalization offset pattern and the
emphasis/suppression ofiset pattern are combined together as
shown 1n Expression 4 below. The weighting coetlicients C1

and C2 may each be set to an arbitrary value in advance.

Offset(x,y)=ClxEqPat(x,v)+C2xEmPat(x, ) Expression 4

il

Offset(x,y): Offset value at position (X,y) 1n optimized offset
pattern

C1, C2: Weighting coellicients

3. Calculating Gain (Step 203)

FIG. 8 1s a flow chart showing a process of calculating a
gain from an offset pattern. In step 1101, the gain determina-
tion section 107 ¢ calculates the total gain BaseGain from the
olffset pattern as shown 1n Expression 5 below. The total gain
BaseGain 1s a single ofiset value to be applied to all pixels of
the tomographic image frame.

1 W—1
BaseGain = >1
WxH Fd

oI

Expression 5

offset(x, y)

TN

e

Offset(x,y): Offset value at position (X,y) 1n oifset pattern
W: Width of ofiset pattern
H: Height of offset pattern
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Then, in step 1102, the depth-direction gain DgcValue|y] 1s
calculated as shown 1n Expression 6 below. The depth-direc-
tion gain DgcValue|y] 1s a series of oflset values arranged in
the depth direction, and 1s commonly applied to all pixels
along the same acoustic line. Then, 1n step 1103, the depth-
direction gain DgcValue|y] 1s low-pass-filtered to thereby

smooth the depth-direction gain DgcValue[y]. While a low-
pass lilter 1s used for the smoothing of the depth-direction
gain DgcValue|y] in the present embodiment, a non-linear
filter, or the like, such as a median filter may be used 1n other
embodiments.

=

—1 Expression 6
offset (x, v) — BaseGain

1

DgcValuel y] = W

i
-

Offset(x,y): Offset value at position (X,y) 1n oifset pattern
W: Width of ofiset pattern

Through such a process, the depth-direction gain
DgcValue|y] obtained in the gain control section 107 1s out-
putted to the image constructing section 103 as the set gain.
The 1image constructing section 105 adjusts the brightness of
the tomographic 1mage frame by using the recerved depth-
direction gain DgcValue|y], and outputs the adjusted tomo-
graphic image frame to the display section 108.

While the total gain and the depth-direction gain are
obtained 1n the present embodiment, the scan-direction gain
may be obtained by a similar process in other embodiments.
The frame gain including oifset values used for different
pixels of the tomographic 1image frame may be obtained in
other embodiments. The scan-direction gain TgcValue|x] and
the frame gain FrameGain(x,y) may be calculated, for
example, as shown 1n Expressions 7 and 8 below.

1 H=d Expression 7
TocValue|x| = EZ offset (x, v) — BaseGain
y=0

Offset(x,y): Offset value at position (X,y) 1n offset pattern
H: Height of ofiset pattern

FrameGain(x,v)=offset(x, v)-BaseGain Expression 8

With the ultrasonic diagnostic apparatus of the present
embodiment, the gain control section 107 two-dimensionally
performs a statistical operation on the brightness data of the
tomographic 1image obtained by transmitting and then receiv-
ing an ultrasonic wave, thereby automatically producing a
gain with which the brightness can be adjusted so as to obtain
an 1mage that 1s easier to view. Therefore, 1t 1s possible to
obtain a tomographic image with such a brightness that the
image 1s easy to view without the operator performing a
complicated operation.

Since a statistical operation 1s two-dimensionally per-
formed on the brightness data of the tomographic image, 1t 1s
possible to obtain a tomographic image 1n which an anatomi-
cal tissue component 1s shown with even brightness even if an
anatomical tissue component 1s contained 1n the tomographic
image, unlike with a gain adjustment by DGC or LGC.

The ultrasonic diagnostic apparatus of the present embodi-
ment independently performs the production of an oifset
pattern for a brightness adjustment for achieving a tomo-
graphic 1mage with even brightness that 1s easy to view, and
the production of an offset pattern for removing noise con-
tained 1n a tomographic image and better defining the shape of
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cach tissue. Therelore, 1t 1s possible to perform an optimal
brightness adjustment with respect to these two different
objectives.

Second Embodiment

FIG. 9 1s a block diagram showing an ultrasonic diagnostic
apparatus according to a second embodiment of the present
invention. The present embodiment differs from the first
embodiment in that the ultrasonic diagnostic apparatus of the
present embodiment includes a counter 1401, wherein the
counter 1401 counts the number of 1mage frames produced,
and a gain control section 1402 produces a gain based on the
count of the counter 1401. Otherwise, the ultrasonic diagnos-
tic apparatus of the present embodiment includes the same
clements as those of the first embodiment.

The 1mage constructing section 105 outputs the produced
image frame to the frame memory 106, and increments the
counter value of the counter 1401 each time an 1mage frame
1s produced.

The gain control section 1402 refers to the counter value of
the counter 1401, and when the counter value reaches a pre-
determined number N, the gain control section 1402 reads out
the tomographic 1image frame from the frame memory 106
and calculates the set gain, as described above 1n the first
embodiment. The gain control section 1402 also resets the
counter 1401. The gain produced by the gain control section
1402 15 outputted to the image constructing section 105. The
image constructing section 105 adjusts the brightness of the
tomographic 1image frame using the received gain, and out-
puts the adjusted tomographic image frame to the display
section 108. The equalization offset pattern and the emphasis/
suppression offset pattern may be produced to determine the
set gain, as 1n the first embodiment, or the frequency with
which the equalization offset pattern and the emphasis/sup-
pression oifset pattern are produced may be varied based on
the counter value.

If the number N 1s set to be large, the frequency with which
the gain control section 1402 produces a gain 1s decreased,
thereby reducing the load on the gain control section 1402,
but deteriorating the precision of tomographic 1image bright-
ness adjustment. If the number N 15 set to be small, the
frequency of gain production 1s increased, thereby improving
the precision of tomographic 1mage brightness adjustment,
but increasing the load on the gain control section 1402,
Theretore, the value of N is preferably determined based on
the capacity of the gain control section 1402 or of the proces-
sor for executing the software implementing the function of
the gain control section 1402, and the level of precision
required of the tomographic image. The value of N may be
variable based on the rate of the tomographic 1image frame,
instead of being a fixed value.

While both of the equalization oifset pattern and the
emphasis/suppression oflset pattern are produced 1n the first
and second embodiments, a set of offset values may be pro-
duced by producing only one of these ofiset patterns 1n view
ol the characteristics of the subject.

While the ultrasonic diagnostic apparatus only has a func-
tion of displaying a tomographic image in the first and second
embodiments, the ultrasonic diagnostic apparatus may also
have a function of measuring the distribution of the blood
flow, the characteristic of the blood flow, the elastic charac-
teristic of the subject’s tissue, efc.

The present mvention 1s suitable for use in an ultrasonic
diagnostic apparatus for displaying a tomographic image of a
subject, and 1s also suitable for use 1n an ultrasonic diagnostic
apparatus for measuring the distribution of the blood tlow, the

10

15

20

25

30

35

40

45

50

55

60

65

12

characteristic of the blood flow, the elastic characteristic of
the subject’s tissue, etc., 1 addition to displaying a tomo-
graphic 1mage.

While the present invention has been described with
respect to preferred embodiments thereof, 1t will be apparent
to those skilled 1n the art that the disclosed mvention may be
modified 1n numerous ways and may assume many embodi-
ments other than those specifically described above. Accord-
ingly, 1t 1s mtended by the appended claims to cover all
modifications of the mvention that fall within the true spirt
and scope of the invention.

This application 1s based on Japanese Patent Applications
No. 2008-239228 filed on Sep. 18, 2008, the entire contents of
which are hereby incorporated by reference.

What 1s claimed 1s:

1. An ultrasonic diagnostic apparatus comprising;:

a transmitter circuit configured to drive a probe so that a
subject 1s scanned with an ultrasonic beam over a pre-
determined period of time;

a receiver circuit configured to recerve, using the probe, an
echo resulting from the ultrasonic beam being retlected
by the subject, and configured to produce a receive sig-
nal for each passage of the predetermined period of time;

an 1mage constructing microprocessor configured to pro-
duce a tomographic image frame composed of bright-
ness information based on an intensity of the recerve
signal for each passage of the predetermined period of
time, and configured to adjust brightness of the produced
tomographic 1mage frame with a set gain, the tomo-
graphic 1image being composed of a plurality of pixels
arranged 1n two dimensions;

a gain control microprocessor configured to produce the set
gain; and

a display for displaying the tomographic image frame
whose brightness has been adjusted,

wherein the gain control microprocessor includes:

an oifset pattern producing microprocessor configured to
produce at least one offset pattern based on brightness
information for each pixel of the tomographic image
frame, the offset pattern including brightness offset val-
ues for the each pixel; and

a gain determination microprocessor configured to deter-
mine the set gain based on at least one gain, selected
from among a total gain, a depth-direction gain, a scan-
direction gain and a frame gain, based on the offset
pattern, wherein the total gain 1s composed of a single
offset value used for the entire tomographic image
frame, the depth-direction gain includes offset values
used 1 a depth direction of the tomographic 1mage
frame, the scan-direction gain includes offset values
used 1n a scan direction of the tomographic image frame,
and the frame gain includes offset values used for dii-
ferent pixels of the tomographic image frame,

wherein the offset pattern producing microprocessor
includes an equalization oifset pattern producing micro-
processor configured to produce an equalization offset
pattern 1n two dimensions for equalizing a brightness
level of the tomographic image frame, and

wherein the offset pattern producing microprocessor
includes an emphasis/suppression oifset pattern produc-
ing microprocessor configured to produce an emphasis/
suppression oifset pattern for emphasizing a tissue while
suppressing a noise component in the tomographic
image frame, where the emphasis/suppression offset
pattern 1s based on a feature quantity of each of a plu-
rality of sub-areas of the tomographic 1mage frame, the
feature quantity of each of the sub-areas being a function




US 8,951,199 B2

13

ol a mean brightness parameter and a standard deviation
of the brightness parameter 1n the each of the sub-areas

according to the formula:

Fv=MeanxstdDev",

where
Fv: Feature quantity

Mean: Mean brightness
StdDev: Standard deviation of brightness
v: Predetermined exponent coelficient.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the gain control microprocessor produces the set
gain based on an mnstruction from an operator.
3. The ultrasonic diagnostic apparatus according to claim
1, further comprising;:
a counter microprocessor that counts the number of the
tomographic 1image frames produced,
wherein the gain control microprocessor produces the set
gain based on the number of the tomographic image
frames produced.
4. The ultrasonic diagnostic apparatus according to claim
3, wherein the gain control microprocessor determines a fre-
quency with which the set gain 1s produced based on a frame
rate at which the tomographic 1image frame 1s produced.
5. The ultrasonic diagnostic apparatus according to claim
3, wherein the gain control microprocessor produces a plu-
rality of offset patterns, and sets a frequency with which the
offset patterns are produced based on the number of tomo-
graphic 1mage frames produced.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein the equalization offset pattern producing micro-
Processor:
divides the tomographic 1image frame 1nto a plurality of
sub-areas:
calculates a mean brightness of each sub-area;
calculates a brightness difference between the mean
brightness of the subarea and a reference brightness;
determines an adjustment value by which the brightness
difference 1s multiplied;
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determines a product obtained by multiplying the bright-
ness difference by the adjustment value to be an offset
value for the sub-area; and
calculates the equalization offset pattern including offset
values for all pixels of the tomographic 1mage frame
based on the ofiset values for the sub-areas.
7. The ultrasonic diagnostic apparatus according to claim
6, wherein the reference brightness 1s a mean brightness for

the entire tomographic 1image frame.

8. The ultrasonic diagnostic apparatus according to claim
6, wherein the adjustment value 1s determined based on a
brightness value histogram for the sub-area and a brightness
value histogram for the entire 1mage frame.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the emphasis/suppression ofiset pattern producing,
MICroprocessor:

divides the tomographic image frame into sub-areas;

calculates the feature quantity of each sub-area;

normalizes the feature quantity;

converts the normalized feature quantity to an offset value;
and

calculates the emphasis/suppression offset pattern includ-
ing oiiset values for all pixels of the tomographic 1mage
frame based on the offset values for the subareas.

10. The ultrasonic diagnostic apparatus according to claim

9, wherein normalized feature quantity 1s converted to an

olfset value using a conversion curve.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the single offset value of the total gain 1s a mean
value among all pixels of the offset pattern.

12. The ultrasonic diagnostic apparatus according to claim
1, wherein the gain determination microprocessor calculates
a mean value among oilset values for pixels of the same depth
in the offset pattern, and calculates the depth-direction gain
by smoothing the mean value in the depth direction.

13. The ultrasonic diagnostic apparatus according to claim
1, wherein the gain determination microprocessor calculates
a mean value among oflset values for pixels along the same
scan line in the ofiset pattern, and calculates the scan-direc-
tion gain by smoothing the mean value 1n the scan direction.
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